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(57) ABSTRACT

Provided are a collision energy absorption structure and a
rail vehicle having the same. The collision energy absorption
structure includes: a primary energy absorption structure,
connected to a chassis boundary beam of a vehicle, the
primary energy absorption structure having at least two
spaced energy absorption cavities; an end energy absorption
structure, the lower end of the end energy absorption struc-
ture being connected to the primary energy absorption
structure; and a roof structure, the upper end of the end
energy absorption structure being connected to the roof
structure. The technical solution provided by the present
invention can meet requirements of more complex road
conditions.
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COLLISION ENERGY ABSORPTION
STRUCTURE AND RAIL VEHICLE HAVING
SAME

TECHNICAL FIELD

The present invention relates to the technical field of rail
vehicles, and in particular to a collision energy absorption
structure and a rail vehicle having the same.

BACKGROUND

With the high-speed development of the fields of rail
transits, the running safety issues have been valued by
people increasingly while making travel convenient. Rail
transit vehicles such as a subway are usually large in
passenger capacity and high in running speed, and once a
collision accident happens, serious personnel casualties and
property losses will be caused. Recent train rear-ended
accidents fully show that train collision accidents cannot be
completely avoided even through a series of measures are
taken in terms of signal control, scheduling management and
programming management. In this case, the performance of
a passive safety protection device serving as an ultimate
guardian for passenger life and property safety is particu-
larly important.

Statistics show that rail transit vehicles need to absorb a
large energy in the collision process, and therefore the
collision performance of an energy absorption member of a
rail vehicle is an important indicator for quality measure-
ment. With the continuous acceleration of rail transit
vehicles, the collision performance of the energy absorption
member is highly required. The collision performance of the
energy absorption member of the rail vehicle cannot meet
current demands in the related art.

In addition, under some special working conditions,
vehicle end couplings are required to have a small gap and
allow a small curve negotiation. Under these requirements,
once the collision energy absorption requirement for the
vehicle is improved, a collision energy absorption structure
design for the vehicle needs to be added, the size of the
energy absorption structure needs to be increased to increase
the size of a vehicle end, and therefore it is difficult to meet
the demand of a small curve negotiation. A technical solu-
tion for solving the complex road conditions has not been
found yet for this case.

SUMMARY

The present invention provides a collision energy absorp-
tion structure and a rail vehicle having the same, intended to
solve the problem in the conventional art in which a collision
energy absorption structure of an energy absorption member
of a rail vehicle cannot meet requirements of complex road
conditions.

In order to solve the above problem, according to an
aspect of the present invention, the present invention pro-
vides a collision energy absorption structure. The collision
energy absorption structure includes: a primary energy
absorption structure, connected to a chassis boundary beam
of a vehicle, the primary energy absorption structure having
at least two spaced energy absorption cavities; an end energy
absorption structure, the lower end of the end energy absorp-
tion structure being connected to the primary energy absorp-
tion structure; and a roof structure, the upper end of the end
energy absorption structure being connected to the roof
structure.
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Further, the primary energy absorption structure com-
prises an end beam, two ends of the end beam are connected
to a chassis boundary beam of the vehicle respectively, the
end beam has an end beam bottom plate and an end beam
vertical plate connected to the end beam bottom plate, and
the end beam vertical plate is vertically disposed and defines
the energy absorption cavity on the end beam bottom plate.

Further, the end energy absorption structure comprises a
first energy absorption cylinder, the middle of the end beam
bottom plate is provided with a first cylinder mounting hole
a, and the first energy absorption cylinder penetrates into the
first cylinder mounting hole a and is welded to the end beam
bottom plate.

Further, the end beam bottom plate comprises a first
bottom plate and a second bottom plate disposed oppositely,
and the first energy absorption cylinder is welded to the first
bottom plate and the second bottom plate respectively.

Further, the end energy absorption structure further com-
prises a second energy absorption cylinder, having a first end
welded to the roof structure and a second end welded to the
primary energy absorption structure.

Further, there are two second energy absorption cylinders,
the two second energy absorption cylinders being spaced;
and there are two first energy absorption cylinders, the two
first energy absorption cylinders being spaced, and the two
first energy absorption cylinders being located between the
two second energy absorption cylinders.

Further, two ends of the end beam bottom plate are
separately provided with a second cylinder mounting hole,
and the second energy absorption cylinder penetrates into
the second cylinder mounting hole and is welded to the end
beam bottom plate.

Further, the collision energy absorption structure further
comprises a secondary energy absorption structure, the
secondary energy absorption structure being connected to
the primary energy absorption structure, the secondary
energy absorption structure comprising at least two spaced
energy absorption tubes and the primary energy absorption
structure being connected to a first end of the energy
absorption tube.

Further, the energy absorption tube is a hollow structure,
the energy absorption tube is provided with a first induction
portion.

Further, the first induction portion comprises an induction
hole, and the induction hole is a through hole.

Further, the cross section of the energy absorption tube is
rectangular, the first induction portion comprises at least one
group of induction holes, and the induction holes of each
group is spaced in the circumferential direction of the energy
absorption tube along a plane vertical to the axis of the
energy absorption tube.

Further, the first induction portion comprises a plurality of
groups of induction holes, the plurality of groups of induc-
tion holes being spaced along an extending direction of the
energy absorption tube.

Further, the energy absorption tube comprises at least two
adjacent side walls, the two adjacent side walls are con-
nected to form a bending portion, and the first induction
portion is disposed on at least one bending portion of the
energy absorption tube.

Further, the energy absorption tube is also provided with
a second induction portion, the second induction portion
being disposed on a side wall of the energy absorption tube.

Further, the second induction portion is depressed into the
side wall of the energy absorption tube to form a depression
portion.
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Further, the cross section of the energy absorption tube is
rectangular, there are two second induction portions, and the
two second induction portions are disposed on the side walls
of the energy absorption tube oppositely.

Further, the collision energy absorption structure com-
prising a tertiary energy absorption structure, wherein the
tertiary energy absorption structure is connected to a second
end of the energy absorption tube.

Further, the tertiary energy absorption structure comprises
a stopping beam, and two ends of the stopping beam are
connected to the chassis boundary beam of the rail vehicle
respectively.

Further, the second end of the energy absorption tube is
connected to the stopping beam.

Further, the stopping beam comprises a first stopping
segment, a second stopping segment and a third stopping
segment connected in sequence, the second end of the
energy absorption tube is welded to the second stopping
segment, a first included angle is provided between the first
stopping segment and the second stopping segment, the first
included angle is an obtuse angle, a second included angle
is provided between the third stopping segment and the
second stopping segment, and the first included angle is
equal to the second included angle.

Further, the first stopping segment is provided with a
plurality of spaced second weight-reducing holes; and/or,
the third stopping segment is provided with a plurality of
spaced third weight-reducing holes.

According to another aspect of the present invention, a
rail vehicle is provided. The rail vehicle includes a collision
energy absorption structure, wherein the collision energy
absorption structure is the collision energy absorption struc-
ture according to any one of the above contents.

According to the technical solution of the present inven-
tion, a primary energy absorption structure on an end
chassis, a roof structure, and an end energy absorption
structure mounted between the roof structure and the pri-
mary energy absorption structure form an end integrated
energy absorption structure of a vehicle body structure, and
an independent energy absorption structure element is no
longer needed. The present invention improves the collision
energy absorption performance of a vehicle without increas-
ing the external dimension of the vehicle body structure.
Since the external dimension of the vehicle is not increased,
the collision energy absorption structure of the present
invention can meet the technical requirements of small gap
between vehicle end couplings and small curve negotiation
and can meet more requirements of complex road condi-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which constitute a part of
this application, are used to provide a further understanding
of the present invention, and the exemplary embodiments of
the present invention and the description thereof are used to
explain the present invention, but do not constitute improper
limitations to the present invention. In the drawings:

FIG. 1 illustrates a first structure diagram of a collision
energy absorption structure according to the present inven-
tion;

FIG. 2 illustrates a top view of a first end of a collision
energy absorption structure according to the present inven-
tion;

FIG. 3 illustrates a side view of a first end of a collision
energy absorption structure according to the present inven-
tion;
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FIG. 4 illustrates a top view of a second end of a collision
energy absorption structure according to the present inven-
tion;

FIG. 5 illustrates a side view of a second end of a collision
energy absorption structure according to the present inven-
tion;

FIG. 6 illustrates a second structure diagram of a collision
energy absorption structure according to the present inven-
tion;

FIG. 7 illustrates a stereogram of an energy absorption
tube of a collision energy absorption structure according to
the present invention;

FIG. 8 illustrates a front view of an energy absorption tube
of a collision energy absorption structure according to the
present invention;

FIG. 9 illustrates a top view of an energy absorption tube
of a collision energy absorption structure according to the
present invention; and

FIG. 10 illustrates a sectional view of an energy absorp-
tion tube of a collision energy absorption structure according
to the present invention.

The drawings include the following reference signs:

10: primary energy absorption structure; 11: end beam;
111: end beam bottom plate; 112: end beam vertical
plate; 111a: first cylinder mounting hole; 1115: vehicle
hook mounting hole; 111¢: second cylinder mounting
hole; 112a: first edge vertical plate; 1125: second edge
vertical plate; 112¢: middle vertical plate; 101: anti-
creeping tooth;

20: secondary energy absorption structure; 21: energy
absorption tube; 211: induction hole; 212: depression
portion; 213: first induction portion; 214: first tube
body portion; 215: second tube body portion; 216:
second induction portion;

30: tertiary energy absorption structure; 31: stopping
beam;

40: chassis boundary beam;

50: traction beam; 51: vehicle hook mounting seat;

60: sleeper beam;

70: side wall;

80: end energy absorption structure; 81: first energy
absorption cylinder; 82: second energy absorption cyl-
inder;

90: roof structure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The technical solutions in the embodiments of the present
invention will be clearly and completely described herein
below with the drawings in the embodiments of the present
invention. It is apparent that the described embodiments are
only part of the embodiments of the present invention, not
all of the embodiments. The following description of at least
one exemplary embodiment is only illustrative actually, and
is not used as any limitation for the present invention and the
application or use thereof. On the basis of the embodiments
of the present invention, all other embodiments obtained on
the premise of no creative work of those of ordinary skill in
the art fall within the scope of protection of the present
invention.

As shown in FIG. 1 to FIG. 9, an embodiment of the
present invention provides a collision energy absorption
structure. The collision energy absorption structure mainly
includes: a primary energy absorption structure 10, con-
nected to a chassis boundary beam 40 of a vehicle, the
primary energy absorption structure 10 having at least two
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spaced energy absorption cavities; an end energy absorption
structure 80, the lower end of the end energy absorption
structure 80 being connected to the primary energy absorp-
tion structure 10; and a roof structure 90, the upper end of
the end energy absorption structure 80 being connected to
the roof structure 90.

In the present invention, the primary energy absorption
structure 10 on an end chassis, the roof structure 90 and the
end energy absorption structure 80 mounted between the
roof structure 90 and the primary energy absorption struc-
ture 10 form an end integrated energy absorption structure of
a vehicle body structure, and an independent energy absorp-
tion structure element is no longer needed. The present
invention improves the collision energy absorption perfor-
mance of a vehicle without increasing the external dimen-
sion of the vehicle body structure, and meets the require-
ments for collision energy absorption of a vehicle body
structure. In addition, since the external dimension of the
vehicle body structure does not need to be changed, the
dimension of the vehicle can be consistent with the existing
vehicle, so that the requirements for a vehicle compatible
with couplings can be met, and the compatibility of the
vehicle is improved. Since the external dimension of the
vehicle is not increased, the collision energy absorption
structure of the present invention can meet the technical
requirements of small gap between vehicle end couplings
and small curve negotiation and can adapt to more complex
road conditions.

Firstly, the primary energy absorption structure 10 of the
collision energy absorption structure is described.

According to an embodiment of the present invention, as
shown in FIG. 1, the primary energy absorption structure 10
includes an end beam 11, two ends of the end beam 11 are
connected to the chassis boundary beam 40 of the vehicle
respectively, the end beam 11 has an end beam bottom plate
111 and an end beam vertical plate 112 connected to the end
beam bottom plate 111, and the end beam vertical plate 112
is vertically disposed and defines the energy absorption
cavity on the end beam bottom plate 111. The end beam
vertical plate 112 is vertically disposed on the end beam
bottom plate 111, so that the primary energy absorption
structure 10 naturally forms an energy absorption cavity
having an energy absorption effect, thus improving the
collision performance of the rail vehicle, and guaranteeing
the personal safety of people in the vehicle. That is, when the
primary energy absorption structure 10 is subjected to a
collision pressure in a direction reverse to the running
direction of the rail vehicle, the energy absorption cavity is
deformed by the pressure to absorb the collision extrusion
force, thus guaranteeing the personal safety of people in the
vehicle.

It is to be noted that the end beam bottom plate 111
includes a first bottom plate and a second bottom plate
disposed oppositely. The end beam vertical plate 112 is
vertically disposed and is connected to the end beam bottom
plate 111, so as to define the energy absorption cavity on the
end beam bottom plate 111. Specifically, the end beam
vertical plate 112 is vertically disposed on the first bottom
plate, and defines the energy absorption cavity on the first
bottom plate. In addition, the second bottom plate covers the
end beam vertical plate 112. That is, the end beam vertical
plate 112 is vertically disposed under the second bottom
plate, and defines the energy absorption cavity under the
second bottom plate. That is, the energy absorption cavity is
surrounded by the end beam vertical plate 112 and the end
beam bottom plate 111. In the present embodiment, the first
bottom plate and the second bottom plate included by the
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end beam bottom plate 111 are disposed above and below the
energy absorption cavity respectively.

For the above energy absorption cavity, in the present
embodiment, specifically as shown in FIG. 1, the end beam
vertical plate 112 includes a first edge vertical plate 1124, a
second edge vertical plate 1125 and multiple middle vertical
plates 112¢, wherein the first edge vertical plate 112a and the
second edge vertical plate 1125 are spaced, two ends of the
vertical plates 112¢ are connected to the first edge vertical
plate 112a and the second edge vertical plate 1125 respec-
tively, the multiple middle vertical plates 112¢ are spaced,
and multiple spaced energy absorption cavities are defined
between the first edge vertical plate 1124 and the second
edge vertical plate 1125. The design of forming multiple
energy absorption cavities by the first edge vertical plate
1124, the second edge vertical plate 1126 and the multiple
middle vertical plates 112¢ enables the primary energy
absorption structure 10 to have multiple energy absorption
cavities provided along the vehicle width direction of the rail
vehicle, so that when being subjected to a collision extrusion
force, the end beam vertical plate 112 forming multiple
energy absorption cavities is inclined and deformed into the
energy absorption cavities, so as to absorb collision energy.
Specifically speaking, when the middle vertical plate 112¢
and the first edge vertical plate 1124 spaced by the multiple
energy absorption cavities are subjected to a collision extru-
sion force, a support force is provided against the collision
extrusion force, and finally, the middle vertical plate 112¢
and the first edge vertical plate 112a are deformed to absorb
the energy of the collision extrusion force.

For the above first edge vertical plate 112a, in the present
embodiment, specifically as shown in FIG. 1, the first edge
vertical plate 112a is connected to the tail end of one end of
the chassis boundary beam 40, and the first edge vertical
plate 112a is an arc-shaped structure.

It is to be noted that in the present embodiment, the
collision energy absorption structure is used for improving
the collision performance of a vehicle end. Therefore, the
collision energy absorption structure may be disposed at any
one end of a rail vehicle, that is, the collision energy
absorption structure may be disposed at a first end of the rail
vehicle or the collision energy absorption structure may be
disposed at a second end of the rail vehicle or the collision
energy absorption structure may be symmetrically disposed
at the first end and the second end of the rail vehicle as
shown in FIG. 1.

From the above description, it can be seen that the
scenario in which the first edge vertical plate 112a is
connected to the tail end of one end of the chassis boundary
beam 40 includes that: the first vertical plate may be
connected to the tail end of the first end of the chassis
boundary beam 40, or the first vertical plate may be con-
nected to the tail end of the second end of the chassis
boundary beam 40, or the first vertical plate may be con-
nected to the tail ends of the first end and the second end of
the chassis boundary beam 40.

The first edge vertical plate 112a is disposed at a chassis
end, and a first layer of vertical plate protection is formed at
the chassis end. Secondly, the first edge vertical plate 112a
is connected to the tail end of the chassis boundary beam 40
and connected to one end of multiple middle vertical plates
112¢, thus ensuring that the first edge vertical plate 112a can
disperse the collision extrusion force to the multiple middle
vertical plates 112¢ and the chassis boundary beam 40 when
the end of the rail vehicle is collided and extruded, so that
the situation that the primary energy absorption structure 10
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cannot steadily absorb energy due to over-concentrated
applying point of the collision extrusion force is prevented.

In addition, the first edge vertical plate 112a is an arc-
shaped structure, which has the technical effect of enhancing
dispersion of the collision extrusion force. In addition, the
first edge vertical plate 1124 is designed as an arc-shaped
structure, so that multiple connected rail vehicles may be
prevented from colliding each other while turning.

In the present embodiment, a side, away from the energy
absorption cavity, of the first edge vertical plate 1124 may be
connected with an anti-creeping tooth 101, so that the
collision energy absorption structure achieves an anti-creep-
ing effect as well. That is, when two rail vehicles collide
each other, the height and tooth number of the anti-creeping
teeth 101 of the two vehicles are consistent, so that when the
collision occurs, the end beam 11 ensures engagement of at
least one anti-creeping tooth 101, and the vehicles will not
mismatch in the height direction.

It is to be noted that in order to ensure the connecting
stability of the primary energy absorption structure 10 and
ensure the collision performance of the primary energy
absorption structure 10, the first edge vertical plate 1124, the
second edge vertical plate 1125, the multiple middle vertical
plates 112¢ and the end beam bottom plate 111 included in
the primary energy absorption structure 10 are welded to
each other. In addition, the first edge vertical plate 112a, the
second edge vertical plate 1126 and the chassis boundary
beam 40 are also welded.

The primary energy absorption structure 10 may also be
adjusted in various manners. As an optional example, at least
one middle vertical plate 112¢ in the multiple middle vertical
plates 112¢ is provided with a first weight-reducing hole,
wherein the first weight-reducing hole is used for reducing
the weight of the rail vehicle or the collision energy absorp-
tion structure.

As another optional example, the middle of the end beam
bottom plate 111 is provided with a vehicle hook mounting
hole 1115 connected to a vehicle hook of the rail vehicle.

As an optional example, as shown in FIG. 1, the multiple
middle vertical plates 112¢ include: two first middle vertical
plates 112¢, two second middle vertical plates 112¢ and two
third middle vertical plates 112¢, wherein the two first
middle vertical plates 112¢, the two second middle vertical
plates 112¢ and the two third middle vertical plates 112¢ are
symmetrically disposed along the vehicle width direction of
the rail vehicle, a first energy absorption cavity is formed
between the two first middle vertical plates 112¢, a first
bottom plate corresponding to the first energy absorption
cavity is provided with a vehicle hook mounting hole 1115,
a second energy absorption cavity is formed between the
first middle vertical plate 112¢ and the second middle
vertical plate 112¢, the end beam bottom plate 111 corre-
sponding to the second energy absorption cavity is provided
with a first cylinder mounting hole 111a, a third energy
absorption cavity is formed between the second middle
vertical plate 112¢ and the third middle vertical plate 112¢,
and a fourth energy absorption cavity is formed between the
third energy absorption cavity and the chassis boundary
beam 40. In addition, the first middle vertical plate 112¢ is
parallel to the third middle vertical plate 112¢, both the first
middle vertical plate 112¢ and the third middle vertical plate
112¢ are vertical to the second middle vertical plate 112c,
and a preset angle is provided between the first middle
vertical plate 112¢ and the second middle vertical plate 112¢.
In addition, both the first middle vertical plate 112¢ and the
second middle vertical plate 112¢ are provided with first
weight-reducing holes.
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The end energy absorption structure 80 is further
described.

As shown in FIG. 6, in the present embodiment, the end
energy absorption structure 80 includes a first energy
absorption cylinder 81, the middle of the end beam bottom
plate 111 is provided with a first cylinder mounting hole
111a, and the first energy absorption cylinder 81 penetrates
into the first cylinder mounting hole 111« and is welded to
the end beam bottom plate 111. This design of providing the
first cylinder mounting hole 111¢ in the middle of the end
beam bottom plate 111 enables the first energy absorption
cylinder 81 to penetrate through the first cylinder mounting
hole 1114 to be welded to the end beam bottom plate 111,
and enhances the connecting strength between the end
energy absorption cylinder and the end beam 11, thus
improving the connecting strength of an end skeleton of the
rail vehicle, and protecting the personal safety of a passen-
ger.

As an optional example, the end beam bottom plate 111
includes a first bottom plate and a second bottom plate, the
middle of the first bottom plate is provided with a third
cylinder mounting hole, the middle of the second bottom
plate is provided with a fourth cylinder mounting hole, and
the first energy absorption cylinder penetrates through the
third cylinder mounting hole and the fourth cylinder mount-
ing hole and is welded to the first bottom plate and the
second bottom plate respectively. This design not only
enables the first bottom plate and the second bottom plate to
be welded to the first energy absorption cylinder, but also
increases the connecting stability of the vehicle end skel-
eton. Moreover, since a certain height difference is provided
between the first bottom plate and the second bottom plate,
the degree of inclining the first energy absorption cylinder
into a carriage may be limited, so as to protect the personal
safety of a passenger. It is to be noted that the first cylinder
mounting hole 111« includes a third cylinder mounting hole
and a fourth cylinder mounting hole.

As shown in FIG. 6, the end energy absorption structure
80 further includes a second energy absorption cylinder 82,
having a first end welded to the roof structure 90 and a
second end welded to the primary energy absorption struc-
ture 10.

In an embodiment of the present invention, two second
energy absorption cylinders 82 are designed, the two second
energy absorption cylinders 82 are spaced, and the second
energy absorption cylinders 82 are welded to a side wall 70
of the rail vehicle. The above design enhances the connect-
ing strength between the roof structure 90 of the rail vehicle
and the chassis of the rail vehicle, and the design of welding
the second energy absorption cylinders 82 to the side wall 70
of the rail vehicle improves the integrity of the vehicle end
skeleton structure, so that when the vehicle end skeleton
structure is collided and extruded, more components of the
rail vehicle provide an anti-collision support. The design of
spacing two energy absorption cylinders improves the bal-
ance of a connecting relationship between the roof structure
90 and the chassis structure, and avoids the distortion and
deformation of the vehicle end skeleton structure at a weak
part of the connecting relationship caused by the unbalanced
connecting relationship between the roof structure 90 and
the chassis structure.

As another optional example, as shown in FIG. 6, there
are two second energy absorption cylinders 82, the two
second energy absorption cylinders 82 are spaced, there are
two first energy absorption cylinders 81, and the two first
energy absorption cylinders 81 are located between the two
second energy absorption cylinders 82. The example is
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obtained based on statistic analysis of a great number of
experimental data. The number and position of the first
energy absorption cylinder 81 in the example and the
number and position of the second energy absorption cyl-
inder 82 in the example are stably balanced, that is, a balance
between the weight and connecting strength of the end
energy absorption structure 80 is achieved, and a balance
between the position design and connecting stability of the
end energy absorption structure 80 is achieved.

Preferably, two ends of the end beam bottom plate 111 are
separately provided with a second cylinder mounting hole
111¢, and the second energy absorption cylinder 82 pen-
etrates into the second cylinder mounting hole 111¢ and is
welded to the end beam bottom plate 111. This design of
providing the second cylinder mounting hole 111c¢ in the
middle of the end beam bottom plate 111 enables the second
energy absorption cylinder 82 to penetrate through the
second cylinder mounting hole 111¢ to be welded to the end
beam bottom plate 111, and enhances the connecting
strength between the second cylinder mounting hole 111¢
and the end beam bottom plate 111, thus improving the
connecting strength of an end skeleton of the rail vehicle,
and protecting the personal safety of a passenger.

In an example, the first energy absorption cylinder 81 is
a collision cylinder, and the second energy absorption cyl-
inder 82 is an end corner post. The collision cylinder and the
end corner post form a protection structure of a vehicle front
end, so as to protect the life safety of a crew member and a
passenger in the vehicle. The four cylinders are of a closed
tubular structure, and the size of the section needs to meet
the requirements. The collision cylinder and the end corner
post form an integrated structure with a roof bending beam
on a roof and the end beam 11 at the vehicle front end. The
side wall 70 of the remaining vehicle body and the roof
structure 90 are welded together to form a whole.

Then, the collision energy absorption structure further
includes a secondary energy absorption structure 20, the
secondary energy absorption structure 20 being connected to
the primary energy absorption structure 10, the secondary
energy absorption structure 20 including at least two spaced
energy absorption tubes 21, and the primary energy absorp-
tion structure 10 being connected to a first end of the energy
absorption tube 21. The secondary energy absorption struc-
ture 20 is then described.

This design of providing the energy absorption cavity of
the primary energy absorption structure 10 and the energy
absorption tube 21 of the secondary energy absorption
structure 20 at the end of the rail vehicle at least forms
double energy absorption guarantee for the end of the rail
vehicle. That is, at least two spaced energy absorption
cavities of the primary energy absorption structure 10 and
the energy absorption tube 21 of the secondary energy
absorption structure 20 may absorb a certain collision
energy to cause energy absorption deformation, thus
improving the collision performance of the rail vehicle, and
ensuring the personal safety of a passenger. In addition, if
the vehicle is collided, since the energy absorption structure
is disposed stage by stage, each stage of energy absorption
structure will be deformed stage by stage, so that the
deformation of the energy absorption structure is within a
controllable range, thus avoiding from affecting the safety of
people in the vehicle due to non-controllable deformation
caused by the train structure.

The energy absorption tube 21 is set as a hollow structure,
and the energy absorption tube 21 is provided with a first
induction portion 213. The structure of the energy absorp-
tion tube is simple, and since the first induction portion 213
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is provided, the part, in the first induction portion 213, of the
energy absorption tube 21 is first deformed when the colli-
sion occurs, so that the deformation of the energy absorption
tube 21 is in a controllable state, thus avoiding from threat-
ening the personal safety of people in the vehicle due to
non-controllable deformation of other parts of a rail train.
Therefore, the present invention improves the anti-collision
performance of the collision energy absorption structure.
Preferably, the energy absorption tube 21 is symmetrically
disposed along the vehicle width direction, and the energy
absorption tube 21 is a thin-wall tube provided with an
induction hole 211, thus facilitating deformation control of
the energy absorption tube 21. The energy absorption tube
21 is connected to the second edge vertical plate 11256 and
a cross beam of a traction beam 50 in a welding manner.

According to an embodiment of the present invention, as
shown in FIG. 7, the energy absorption tube 21 includes a
first tube body portion 214 and a second tube body portion
215, the first tube body portion 214 and the second tube body
portion 215 being spliced. The two tube body portions are
spliced to form the energy absorption tube 21 having a
cavity, and during processing, the first tube body portion 214
and the second tube body portion 215 are spliced and welded
at the spliced part. This structural form is simple in structure,
and facilitates modular design, so that the cost can be
reduced, and the processing efficiency is improved.

Specifically, the first tube body portion 214 is a U-shaped
structure, the first tube body portion 214 includes a first
bottom wall and two first side walls, the second tube body
portion 215 is a U-shaped structure, the second tube body
portion 215 includes a second bottom wall and two second
side walls, and the two first side walls are butted with the
two second side walls respectively.

In the present embodiment, the first tube body portion 214
and the second tube body portion 215 are U-shaped struc-
tures and are symmetrically disposed. The two side walls of
the first tube body portion 214 and the second tube body
portion 215 are butted in a one-to-one correspondence
manner. Such design forms a flat plane at a to-be-welded
part, facilitates the welding process, and improves the pro-
duction efficiency. The first tube body portion 214 and the
second tube body portion 215, which are symmetrically
disposed, have the same structure, thereby facilitating batch
production, and reducing the cost.

In the present invention, as shown in FIG. 7, the energy
absorption tube 21 includes at least two adjacent side walls,
the two adjacent side walls are connected to form a bending
portion, and the first induction portion 213 is disposed on at
least one bending portion of the energy absorption tube 21.
The bending portion of the energy absorption tube 21 is
provided with the first induction portion 213 to form a
collision induction structure. When the rail train is collided,
the first induction portion 213 on the energy absorption tube
21 will be deformed prior to the integrated structure, so that
the deformation of the energy absorption tube 21 is control-
lable, thus avoiding from threatening the personal safety of
people in the vehicle due to non-controllable deformation of
other parts of a rail train. The first induction portion 213 is
disposed at the bending part, which is easy to process, so that
the production efficiency can be improved. Preferably, the
cross section of the energy absorption tube 21 in the present
embodiment is rectangular, the rectangular energy absorp-
tion tube 21 has a good torsional property, and the safety of
the collision energy absorption structure can be further
improved.

In the present embodiment, preferably, as shown in FIG.
7, FIG. 8 and FIG. 9, the first induction portion 213 includes
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an induction hole 211, the induction hole 211 being a
through hole. The induction hole 211 is a through hole,
which is easy to process.

As shown in FIG. 7, FIG. 8 and FIG. 9, the first induction
portion 213 includes at least one group of induction holes
211, and each group of induction holes 211 is spaced in the
circumferential direction of the energy absorption tube 21
along a plane vertical to the axis of the energy absorption
tube 21.

Multiple induction holes 211 are spaced on the energy
absorption tube 21 along each plane vertical to the axis of
the energy absorption tube 21, and the multiple induction
holes 211 are uniformly distributed along the circumferential
direction of the energy absorption tube 21. When the colli-
sion occurs, the induction holes 211 uniformly distributed in
the circumferential direction of the energy absorption tube
21 make the energy absorption tube 21 folded basically
along a plane, so that the deformation is more controllable.

In a preferred example, the first induction portion 213
includes multiple groups of induction holes 211, the multiple
groups of induction holes 211 being spaced along an extend-
ing direction of the energy absorption tube 21.

The multiple groups of induction holes 211 are spaced on
the energy absorption tube 21. When the collision occurs,
deformation is performed once at each group of induction
holes 211. By providing the multiple groups of induction
holes 211, the energy absorption tube 21 may be deformed
repeatedly, thus improving the energy absorption capability
of the energy absorption tube 21.

As shown in FIG. 7, FIG. 8 and FIG. 10, the energy
absorption tube 21 is further provided with a second induc-
tion portion 216, the second induction portion 216 being
disposed on the side wall of the energy absorption tube 21.
Preferably, in the present embodiment, the second induction
portion 216 is depressed into the side wall of the energy
absorption tube 21 to form a depression portion 212.

As shown in FIG. 7 and FIG. 8, in an embodiment, the
axes of the first induction portion 213 and the second
induction portion 216 are on the same plane vertical to the
extending direction of the energy absorption tube 21. On the
basis of the first induction portion 213, the provision of the
second induction portion 216 facilitates the formation of a
weaker induction part at this part, so that this part may be
deformed prior to other parts.

As shown in FIG. 10, in an embodiment, the cross section
of the energy absorption tube 21 is rectangular, there are two
second induction portions 216, and the two second induction
portions 216 are disposed on the side wall of the energy
absorption tube 21 oppositely. The first tube body portion
214 is a U-shaped structure, and the first tube body portion
214 includes a first bottom wall and two first side walls. The
second tube body portion 215 is a U-shaped structure, and
the second tube body portion 215 includes a second bottom
wall and two second side walls. The two first side walls are
butted with the two second side walls respectively, and the
second induction portion 216 is disposed on the first bottom
wall and the second bottom wall respectively.

Preferably, the second induction portion 216 is a groove
depressed into the energy absorption tube 21, the bottom
wall of the groove is parallel to the side wall of the energy
absorption tube 21, and the side wall of the groove is an
inclined surface, and the cross section of the groove is
trapezoidal.

Finally, the collision energy absorption structure further
includes a tertiary energy absorption structure 30. The
tertiary energy absorption structure 30 is described herein-
after.
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As shown in FIG. 1, FIG. 2 and FIG. 4, in the present
embodiment, the tertiary energy absorption structure 30 is
connected to the second end of the energy absorption tube
21. Specifically, the tertiary energy absorption structure 30
includes a stopping beam 31, two ends of the stopping beam
31 are connected to the chassis boundary beam 40 of the rail
vehicle respectively, and the second end of the energy
absorption tube 21 is connected to the stopping beam 31.
Such design increases the connecting strength of the energy
absorption tube 21. That is, the energy absorption tube 21
forms an indirect connecting relationship with the chassis
boundary beam 40 through the stopping beam, thereby
avoiding the situation that controllable deformation cannot
be performed due to unbalanced stress caused by the posi-
tion offset of the energy absorption tube 21 when being
collided. In addition, this design also increases the collision
performance of the rail vehicle. That is, when the rail vehicle
is collided, the stopping beam can provide a support against
the collision, so as to reduce the degree of deformation of the
rail vehicle. Further, the stopping beam is subjected to
energy absorption deformation to absorb certain collision
energy.

In addition, in the present embodiment, the stopping beam
31 is a cross beam having a U-shaped section. This design
makes the stopping beam unlikely to deform, that is, the
stopping beam 31 having the U-shaped section may bear a
larger collision force without deformation. It is to be noted
that the direction of the collision force may be the running
direction of the rail vehicle, or may be the vehicle width
direction of the rail vehicle.

As an optional example, specifically as shown in FIG. 1
and FIG. 4, the stopping beam 31 includes a first stopping
segment, a second stopping segment and a third stopping
segment connected in sequence, the second end of the
energy absorption tube 21 is welded to the second stopping
segment, a first included angle is provided between the first
stopping segment and the second stopping segment, the first
included angle is an obtuse angle, a second included angle
is provided between the third stopping segment and the
second stopping segment, and the first included angle is
equal to the second included angle.

As another optional example, specifically as shown in
FIG. 1 and FIG. 2, the stopping beam includes a fourth
stopping segment, a fifth stopping segment and a sixth
stopping segment connected in sequence, and the second
end of the energy absorption tube 21 is welded to the second
stopping segment. The length of the side surface of the
fourth stopping segment is the same as the length of the side
surface of the sixth stopping segment, the length of the side
surface of the fifth stopping segment is smaller than the
length of the side surface of the stopping segment, and the
length of the side surface of the stopping beam is based on
the running direction of the rail vehicle.

It is to be noted that the other surface of the second
stopping segment is also welded to first ends of two traction
beams 50, and second ends of the two traction beams 50 are
welded to a sleeper beam 60, wherein a vehicle hook
mounting seat 51 is also disposed between the two traction
beams 50, the stopping beam and the sleeper beam 60.

The tertiary energy absorption structure 30 may also be
adjusted in various manners. As an optional example, the
first stopping segment is provided with multiple spaced
second weight-reducing holes, wherein the second weight-
reducing holes are used for reducing the weight of the rail
vehicle or the collision energy absorption structure. Simi-
larly, as another optional example, the third stopping seg-
ment is provided with multiple spaced third weight-reducing
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holes, wherein the third weight-reducing holes are used for
reducing the weight of the rail vehicle or the collision energy
absorption structure.

Further, the outer contour of the tertiary energy absorption
structure 30 may be changed as required. For example, the
stopping beam 31 is lengthened, and the stopping beam 31
is widened.

A preferred embodiment is then provided for further
description.

1. When two adjacent vehicles collide, anti-creeping teeth
101 are touched, and the anti-creeping teeth 101 are welded
to primary energy absorption structures 10 and protrude
from the primary energy absorption structures 10. The
height and tooth number of the anti-creeping teeth 101 of the
two vehicles are consistent, so that when the collision
occurs, the end beam 11 ensures engagement of at least one
anti-creeping tooth of the energy absorption beam, and the
vehicles will not mismatch in the height direction.

2. When the collision is more severe, the primary energy
absorption structure 10 formed by welding the first bottom
plate and the second bottom plate of the end beam bottom
plate 111 and the end beam vertical plate 112 connected to
the end beam bottom plate 111 is locally deformed to absorb
a part of energy. Moreover, the collision cylinder welded to
the end beam 11 and serving as the first energy absorption
cylinder 81 and the end corner post serving as the second
energy absorption cylinder 82 are always connected to the
end beam 11.

3. When the collision is more severe, the secondary
energy absorption structure 20 is induced by the first induc-
tion portion 213 and the second induction portion 216 to be
deformed to absorb energy. Moreover, the end corner post,
the end beam 11 and the secondary energy absorption
structure 20 are always connected together, thus ensuring the
safety of people behind the collision cylinder and the end
corner post.

4. After the energy absorption tube 21 absorbs energy to
complete deformation, the front end is deformed, collision
cylinders of the two vehicles are touched and collided to be
deformed to absorb energy, and the energy absorption space
of'an end area is used completely. The roof structure 90, the
side wall 70 and the chassis connected together with the
vehicle front end are locally deformed, and the collision
energy absorption of the vehicle is completed.

5. After the deformation of collision energy absorption is
completed, the roof structure 90, the side wall 70 and the
chassis connected together with the vehicle front end are
locally deformed, but not separated.

Another embodiment of the present invention provides a
rail vehicle. The rail vehicle includes a collision energy
absorption structure, wherein the collision energy absorption
structure is the above collision energy absorption structure.
The collision energy absorption structure of the solution is
not only an energy absorption member, but also a load
carrying structure.

The primary energy absorption structure 10 on an end
chassis, the roof structure 90 and the end energy absorption
structure 80 mounted between the roof structure 90 and the
primary energy absorption structure 10 form an end inte-
grated energy absorption structure of a vehicle body struc-
ture, and an independent energy absorption structure ele-
ment is no longer needed. The present invention improves
the collision energy absorption performance of a vehicle
without increasing the external dimension of the vehicle
body structure, and meets the requirements for collision
energy absorption of a vehicle body structure. In addition,
since the external dimension of the vehicle body structure
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does not need to be changed, the dimension of the vehicle
can be consistent with the existing vehicle, so that the
requirements for a vehicle compatible with couplings can be
met, and the compatibility of the vehicle is improved. Since
the external dimension of the vehicle is not increased, the
collision energy absorption structure of the present invention
can meet the technical requirements of small gap between
vehicle end couplings and small curve negotiation and can
adapt to more complex road conditions.

The above is only the preferred embodiments of the
present invention, not intended to limit the present inven-
tion. As will occur to those skilled in the art, the present
invention is susceptible to various modifications and
changes. Any modifications, equivalent replacements,
improvements and the like made within the spirit and
principle of the present invention shall fall within the scope
of protection of the present invention.

It is to be noted that terms used herein only aim to
describe specific implementation manners, and are not
intended to limit exemplar implementations of this applica-
tion. Unless otherwise directed by the context, singular
forms of terms used herein are intended to include plural
forms. Besides, it will be also appreciated that when terms
“contain” and/or “include” are used in the description, it is
indicated that features, steps, operations, devices, assem-
blies and/or a combination thereof exist.

Unless otherwise specified, relative arrangements of com-
ponents and steps elaborated in these embodiments, numeric
expressions and numeric values do not limit the scope of the
present invention. Furthermore, it should be understood that
for ease of descriptions, the size of each part shown in the
drawings is not drawn in accordance with an actual propor-
tional relation. Technologies, methods and devices known
by those skilled in the related art may not be discussed in
detail. However, where appropriate, the technologies, the
methods and the devices shall be regarded as part of the
authorized description. In all examples shown and discussed
herein, any specific values shall be interpreted as only
exemplar values instead of limited values. As a result, other
examples of the exemplar embodiments may have different
values. It is to be noted that similar marks and letters
represent similar items in the following drawings. As a
result, once a certain item is defined in one drawing, it is
unnecessary to further discus the certain item in the subse-
quent drawings.

In the descriptions of the present invention, it will be
appreciated that locative or positional relations indicated by
“front, back, up, down, left, and right”, “horizontal, vertical,
perpendicular, and horizontal”, “top and bottom™ and other
terms are locative or positional relations shown on the basis
of the drawings, which are only intended to make it conve-
nient to describe the present invention and to simplify the
descriptions without indicating or impliedly indicating that
the referring device or element must have a specific location
and must be constructed and operated with the specific
location, and accordingly it cannot be understood as limi-
tations to the present invention. The nouns of locality “inner
and outer” refer to the inner and outer contours of each
component.

For ease of description, spatial relative terms such as
“over”, “above”, “on an upper surface” and “upper” may be
used herein for describing a spatial position relation between
a device or feature and other devices or features shown in the
drawings. It will be appreciated that the spatial relative terms
aim to contain different orientations in usage or operation
besides the orientations of the devices described in the
drawings. For example, if the devices in the drawings are
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inverted, devices described as “above other devices or
structures” or “over other devices or structures” will be
located as “below other devices or structures” or “under
other devices or structures”. Thus, an exemplar term
“above” may include two orientations namely “above” and
“below”. The device may be located in other different modes
(rotated by 90 degrees or located in other orientations), and
spatial relative descriptions used herein are correspondingly
explained.

In addition, it is to be noted those terms such as “first” and
“second” are used to limit parts, so as only to distinguish the
corresponding parts. Unless otherwise stated, the above
terms do not have special meanings, and therefore it cannot
be interpreted as limitation to the scope of protection of the
present invention.

What is claimed is:

1. A collision energy absorption structure of a rail vehicle,
comprising:

a primary energy absorption structure (10), connected to

a chassis boundary beam (40) of a vehicle, the primary
energy absorption structure (10) having at least two
spaced energy absorption cavities;

an end energy absorption structure (80), the lower end of

the end energy absorption structure (80) being con-
nected to the primary energy absorption structure (10);
and
a roof structure (90), the upper end of the end energy
absorption structure (80) being connected to the roof
structure (90);

the primary energy absorption structure (10) comprises an
end beam (11), two ends of the end beam (11) are
connected to a chassis boundary beam (40) of the
vehicle respectively, the end beam (11) has an end
beam bottom plate (111) and an end beam vertical plate
(112) connected to the end beam bottom plate (111),
and the end beam vertical plate (112) is vertically
disposed and defines the energy absorption cavity on
the end beam bottom plate (111);

wherein the end beam vertical plate (112) comprises a first
edge vertical plate (112a), a second edge vertical plate
(1126) and multiple middle vertical plates (112c¢),
wherein the first edge vertical plate (112a¢) and the
second edge vertical plate (1125) are spaced, two ends
of the vertical plates (112¢) are connected to the first
edge vertical plate (112a) and the second edge vertical
plate (1124) respectively, the multiple middle vertical
plates (112¢) are spaced, and multiple spaced energy
absorption cavities are defined between the first edge
vertical plate (112a) and the second edge vertical plate
(112b).

2. The collision energy absorption structure as claimed in
claim 1, wherein the end energy absorption structure (80)
comprises a first energy absorption cylinder (81), the middle
of the end beam bottom plate (111) is provided with a first
cylinder mounting hole (111a), and the first energy absorp-
tion cylinder (81) penetrates into the first cylinder mounting
hole (111a) and is welded to the end beam bottom plate
(111).

3. The collision energy absorption structure as claimed in
claim 2, wherein the end beam bottom plate (111) comprises
a first bottom plate and a second bottom plate disposed
oppositely, and the first energy absorption cylinder (81) is
welded to the first bottom plate and the second bottom plate
respectively.

4. The collision energy absorption structure as claimed in
claim 2, wherein the end energy absorption structure (80)
further comprises a second energy absorption cylinder (82),
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having a first end welded to the roof structure (90) and a
second end welded to the primary energy absorption struc-
ture (10).

5. The collision energy absorption structure as claimed in
claim 4, wherein there are two second energy absorption
cylinders (82), the two second energy absorption cylinders
(82) being spaced; and there are two first energy absorption
cylinders (81), the two first energy absorption cylinders (81)
being spaced, and the two first energy absorption cylinders
(81) being located between the two second energy absorp-
tion cylinders (82).

6. The collision energy absorption structure as claimed in
claim 5, wherein two ends of the end beam bottom plate
(111) are separately provided with a second cylinder mount-
ing hole (111¢), and the second energy absorption cylinder
(82) penetrates into the second cylinder mounting hole
(111¢) and is welded to the end beam bottom plate (111).

7. The collision energy absorption structure as claimed in
claim 1, further comprising:

a secondary energy absorption structure (20), the second-
ary energy absorption structure (20) being connected to
the primary energy absorption structure (10), the sec-
ondary energy absorption structure (20) comprising at
least two spaced energy absorption tubes (21), and the
primary energy absorption structure (10) being con-
nected to a first end of the energy absorption tube (21).

8. The collision energy absorption structure as claimed in
claim 7, wherein the energy absorption tube (21) is a hollow
structure, the energy absorption tube (21) is provided with a
first induction portion (213), the first induction portion (213)
comprises an induction hole (211), and the induction hole
(211) is a through hole.

9. The collision energy absorption structure as claimed in
claim 8, wherein the cross section of the energy absorption
tube (21) is rectangular, the first induction portion (213)
comprises at least one group of induction holes (211), and
the induction holes (211) of each group is spaced in the
circumferential direction of the energy absorption tube (21)
along a plane vertical to the axis of the energy absorption
tube (21).

10. The collision energy absorption structure as claimed
in claim 9, wherein the first induction portion (213) com-
prises a plurality of groups of induction holes (211), the
plurality of groups of induction holes (211) being spaced
along an extending direction of the energy absorption tube
1.

11. The collision energy absorption structure as claimed in
claim 8, wherein the energy absorption tube (21) comprises
at least two adjacent side walls, the two adjacent side walls
are connected to form a bending portion, and the first
induction portion (213) is disposed on at least one bending
portion of the energy absorption tube (21).

12. The collision energy absorption structure as claimed
in claim 8, wherein the energy absorption tube (21) is also
provided with a second induction portion (216), the second
induction portion (216) being disposed on a side wall of the
energy absorption tube (21).

13. The collision energy absorption structure as claimed
in claim 12, wherein the second induction portion (216) is
depressed into the side wall of the energy absorption tube
(21) to form a depression portion (212).

14. The collision energy absorption structure as claimed
in claim 13, wherein the cross section of the energy absorp-
tion tube (21) is rectangular, there are two second induction
portions (216), and the two second induction portions (216)
are disposed on the side walls of the energy absorption tube
(21) oppositely.
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15. The collision energy absorption structure as claimed
in claim 7, further comprising a tertiary energy absorption
structure (30), wherein the tertiary energy absorption struc-
ture (30) is connected to a second end of the energy
absorption tube (21), the tertiary energy absorption structure
(30) comprises a stopping beam (31), and two ends of the
stopping beam (31) are connected to the chassis boundary
beam (40) of the rail vehicle respectively.

16. The collision energy absorption structure as claimed
in claim 15, wherein the second end of the energy absorption
tube (21) is connected to the stopping beam (31).

17. The collision energy absorption structure as claimed
in claim 15, wherein the stopping beam (31) comprises a
first stopping segment, a second stopping segment and a
third stopping segment connected in sequence, the second
end of the energy absorption tube (21) is welded to the
second stopping segment, a first included angle is provided
between the first stopping segment and the second stopping
segment, the first included angle is an obtuse angle, a second
included angle is provided between the third stopping seg-
ment and the second stopping segment, and the first included
angle is equal to the second included angle.

18. The collision energy absorption structure as claimed
in claim 17, wherein the first stopping segment is provided
with a plurality of spaced second weight-reducing holes;
and/or, the third stopping segment is provided with a plu-
rality of spaced third weight-reducing holes.

19. A rail vehicle, comprising a collision energy absorp-
tion structure, wherein the collision energy absorption struc-
ture is the collision energy absorption structure as claimed in
claim 1.
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